INTRODUCTION
============

Allergen-specific immunotherapy (SIT) is the only method of therapy that targets the sensitized allergens of IgE-mediated allergic diseases and can potentially change the natural progress of such diseases \[[@B1][@B2][@B3]\]. Although allergens against pollens and bee venom have been most widely studied, SIT has also been shown to be effective against allergies to house dust mites (HDMs) \[[@B4]\]. To date, the clinical efficacy of immunotherapy, including improvement of symptoms and reduction of medication, has been verified in patients with asthma, rhinitis, and allergy to bee venom \[[@B1][@B2][@B3][@B4][@B5][@B6][@B7]\]. Various immunological mechanisms for the efficacy of SIT have been suggested, including the generation of IgG antibodies that can block the specific IgE antigen; reduction of the activity of type 2 helper T cells by inducing immunoreactive cytokines of type 1 helper T cells, such as interferon-γ and interleukin (IL)-2; and induction of unresponsiveness or tolerance to allergens through the generation of regulatory T cells that generate cytokines such as IL-10 and transforming growth factor-β \[[@B8][@B9][@B10]\]. The conventional application method for allergen administration is subcutaneous injection, but the efficacy of sublingual administration has recently been widely acknowledged \[[@B11][@B12][@B13]\]. The type or number of injected antigens may differ according to the degree of sensitization of immunotherapy patients to antigens, leading to variations in the immunoclinical responses of patients \[[@B14][@B15][@B16][@B17][@B18]\].

Immunotherapy requires at least 3 years of regular injections, and patients experience clinical effects 6 to 7 months after initiation of the therapy \[[@B7]\]. The effects of immunotherapy are divided into short-term effects, which emerge in the first year of treatment; long-term effects that appear in 3 to 5 years; and effects that arise after the suspension of therapy \[[@B2]\]. The degree of improvement of allergic symptoms, together with changes in the level of specific antibodies, cytokines, and airway hypersensitivity, are used as indicators of clinical efficacy during the immunotherapy period \[[@B1][@B2][@B7]\]. However, the results of relevant studies show little consistency due to differences in the degree of changes according to the type of immunotherapeutic agent, subject, and treatment modalities, as well as differences in study design and analytical methods. The degree of change in skin reactivity to target allergens of immunotherapy is an indicator that is easy to clinically evaluate. Most studies on the efficacy of immunotherapy have demonstrated that skin reactivity was reduced, and suggested that this change could influence the efficacy of the therapy \[[@B3][@B4][@B5][@B6][@B8][@B19][@B20]\]. Nonetheless, those studies failed to emphasize the clinical significance of changes in skin reactivity, and the factors that affect such changes have not been fully identified. The use of changes in skin reactivity as an index for objective evaluation of the effect of immunotherapy after a certain time period could improve communication with patients regarding the results of the therapy. Furthermore, if the factors associated with such changes are identified, it might be possible to predict the efficacy of immunotherapy before beginning treatment.

This study investigates how the level of skin reactivity to HDM allergens, among other immunoclinical indicators, is affected by 1 year of SIT in patients sensitized to HDMs, with the goal of identifying associated clinical factors.

MATERIALS AND METHODS
=====================

Subjects
--------

We conducted a retrospective search in the hospital electronic database of patients who received SIT for allergic rhinitis with or without bronchial asthma in the Allergy Clinic at Kosin University Gospel Hospital from January 2009 to August 2014. These patients did not have severe asthma, decreased immune function, malignant tumors, or comorbidity such as cardiovascular diseases, and were eligible for receiving immunotherapy. Asthma was diagnosed when a patient experienced at least one of persistent coughing, wheezing, breathing difficulties, and chest pressure for more than 3 weeks, and showed positivity in either the airway reversibility test or bronchial provocation test. Allergic rhinitis was diagnosed in patients who had repeatedly experienced runny and itchy nose, sneezing, and sinus congestion, regardless of common cold symptoms, had positive response with skin prick test or IgE against specific allergens in their blood.

The study population was patients aged between 5 and 60 with allergic rhinitis or asthma. All patients received sufficient explanation about immunotherapy before beginning treatment and the patients or their legal guardians consented to a survey of their medical records. Immunotherapy for specific allergies, including HDMs, was carried out for 1 year according to planned schedules, and the patients were subjected to skin prick tests before and after the therapy. Patients excluded from the analysis of this study were those who received immunotherapy for allergens other than HDMs, did not follow the regular schedule of immunotherapy, did not complete the full course of treatment, or did not have a skin prick test both before and after the therapy.

We received approval for this study from the ethics committee at Kosin University Gospel Hospital.

Methods
-------

Skin reactivity to *Dermatophagoides farina* (Df) or *Dermatophagoides pteronyssinus* (Dp), level of specific IgE (sIgE) for HDMs (sIgE for HDM), serum total IgE level (normal≤300 IU/mL), blood eosinophil counts (normal≤350/µL), and average daily medication for the previous 2 weeks were surveyed.

The patients\' age at onset of immunotherapy, sex, presence of asthma or allergic rhinitis, type of allergen subjected to specific immunotherapy, and method of initial therapy were also included in the analysis.

### Skin prick test

A drop of allergen extract solution (Allergopharma, Reinbek, Germany) including 37 types of major inhaled allergens (including pasture grass, plants and trees, weed pollen, HDMs, mold, and fur of dogs and cats), a positive control solution (histamine), and a negative control solution (normal saline) were applied to the backs or forearms of the test subjects. The skin underneath the drops was pricked with a 26-G needle, allowing the solutions to permeate under the skin. After 15 minutes the wheal response was observed and the average diameter of the wheal was calculated by measuring the length and perpendicular bisector of the longest axis. Subjects were diagnosed as positive when a wheal did not appear for the negative control solution and the average diameter of the wheal formed by the allergen extract solution was both larger than 3 mm and larger than the wheal formed by the positive control solution. All patients subjected to the test were positive for at least one of the 2 types of HDM allergen. The level of skin reactivity to allergen was expressed as the proportion of the positive control esponse (A/H). Skin reactivity to HDMs, as applied to univariate and multivariate analysis, was calculated using the average value of skin reactivity to Df and Dp.

### Blood level of sIgEs for HDMs

The level of sIgEs for HDMs in the blood was measured using the immunoCAP system (Phadia AB, Uppsala, Sweden) and the range of the levels was described as 0--100 kU/L.

### Allergen-specificimmunotherapy

For all patients, immunotherapy was administered through subcutaneous injection of Novo-Helisen (Allergopharma). The target allergen for immunotherapy was determined for each patient through a survey of their medical histories and by checking for the presence of specific IgE by the skin prick test. The patients were divided into 2 groups: those who were treated only with HDM allergens, and those who were treated with a mixture of HDMs and other allergens. The immunotherapy schedule involved 2 phases, an initial (build-up) phase and a maintenance period. The initial phase of subcutaneous immunotherapy was initiated with 0.1 mL of a 1:1,000 dilution of maintenance concentrate, and injection doses were increased weekly to reach a target maintenance dose of concentrate (0.8 mL). Subsequently, maintenance therapy was carried out once a month.

### Medication score

The medication score was calculated as average daily medication (1 point for antihistamine, leukotriene modifier, decongestant, inhaled/intranasal steroids, 2 points for oral corticosteroids) for the previous 2 weeks at both time points of the analysis.

### Statistical analysis

IBM SPSS statistics version 20 (IBM Co., Armonk, NY, USA) was used for statistical analysis. The extent of changes in immunoclinical indicators including skin reactivity level, serum total IgE level, blood eosinophil counts, and daily average medication score after 1 year of immunotherapy was analyzed using paired t test, whereas comparisons of changes in skin reactivity level to nominal or category variables were analyzed using attest. For some parameters, continuous variables were converted into 2 categorical variables. The variable cutoff for age was set at 30 years, the median value of the age of patients eligible for immunotherapy, and the skin reactivity variable was set at reactivity level 2, which was also the median value. In addition, serum total IgE and blood eosinophil counts were each divided into 2 groups according to normal range. Multiple regression analysis was carried out to determine factors that affected changes in the skin reactivity level with correction for confounding variables. The parameters that showed significant effects in the univariate analysis, including age, degree of initial skin response, and type of immunotherapy allergen, were included as independent variables, and the final result was analyzed using stepwise selection. To predict a 50% reduction in the level of skin reactivity to HDM allergens after 1 year of immunotherapy, receiver operating characteristic (ROC) curve analysis for the level of initial skin reactivity was conducted, and the optimal cutoff value for the maintenance of high sensitivity and specificity was calculated. The calculated value was considered statistically significant when its *p* value was less than 0.05.

RESULTS
=======

Clinical characteristics of patients
------------------------------------

A total of 80 patients were analyzed in this study. The mean age was 22.7 years (range: 5--60 years) and there were more men (n=51) than women. Among the study population, 46 patients had only allergic rhinitis and 34 had both asthma and allergic rhinitis. Only HDMs were used as the target allergen of immunotherapy for 58% of patients. For patients who received a combination of allergens, most had 2 additional allergens. Tree pollen was the most prevalent additional allergen, in 64.7% of these patients, followed by weed pollen at 17.6%, grass pollen at 14.7%, dog or cat fur at 11.7%, and mold at 2.9% ([Table 1](#T1){ref-type="table"}).

The patients\' initial skin reactivity to Dp (European HDMs) and Df (American HDMs) were similar, at 2.2 and 2.3, respectively. Notably, the IgE level was higher for Dp (34.6 kU/L) than for Df (25.2 kU/L). Serum total IgE was 460 IU/mL, and blood eosinophil count was 330.5/µL. The ratio of specific IgE to serum total IgE (multiplied by 100) was 14.5 and 9.7 for Dp and Df, respectively. The daily average medication score was 2.8 ([Table 2](#T2){ref-type="table"}).

Medicines initially administered to the patients included antihistamines (96.4% of patients), steroid nasal spray (75%), leukotriene modifiers (85%), inhaled corticosteroids (11.3%), inhaled corticosteroids and long-duration bronchodilator (8.8%), and other medicine such as decongestants (11.3%).

Changes in immunoclinical indicators after 1 year of immunotherapy
------------------------------------------------------------------

The skin reactivity of the patients was checked an average of 12 months after the start of immunotherapy. The degree of changes in skin reactivity to HDMs was statistically significant for both Dp and Df. The skin reactivity level decreased from 2.2 to 1.2 for Dp and from 2.3 to 1.3 for Df (*p* \< 0.001 for each). The HDM-specific IgE level in the blood increased slightly from the initial level, to 39.3 kU/L and 33.7 kU/L for Dp and Df respectively, but the increases were not statistically significant (*p* = 0.56 and *p* = 0.55, respectively).

Serum total IgE levels increased slightly to 613.7 IU/mL, but the difference was not statistically significant (*p* = 0.36). The ratio of specific IgE to total serum IgE (specific IgE/total IgE × 100) decreased by an average of 9.7 for Dp (*p* = 0.03) and 8.3 for Df (*p* = 0.11), although the degree of change differed according to the type of allergen. Blood eosinophil counts showed a significant decrease to 265.9/µL (*p* = 0.01) and the daily average number of administered medicines also decreased significantly to 1.6/day (*p* \< 0.001) ([Fig. 1](#F1){ref-type="fig"}).

Univariate analysis of change in skin reactivity to HDMs after 1 year of immunotherapy
--------------------------------------------------------------------------------------

The level of skin reactivity decreased by 1.34 for the ≤30 age group, which was a significantly greater decrease than that for the \>30 age group (0.69, *p* = 0.04). There was no significant difference according to gender or disease targeted by the immunotherapy. The level of reactivity decreased by an average of 1.72 for the group of patients who received immunotherapy against HDMs only, a significant difference from the decrease by 0.12 for patients treated for HDM and additional allergens. When the initial skin reactivity level was 2 or higher, the skin reactivity level decreased by 2.18 on average, significantly greater than the decrease by 0.12 observed for patients whose initial level was lower than 2 (*p* \< 0.001). There was also a significant difference in the ratio of decrease in skin reactivity from the initial level (change in skin reactivity/initial skin reactivity (×100) between the 2 groups (*p* \< 0.001). No significant difference in skin reactivity was observed for different levels of initial serum total IgE (higher or lower than 300 IU/mL, *p* = 0.33) or blood eosinophil counts (higher or lower than 350/µL, *p* = 0.47) ([Table 3](#T3){ref-type="table"}).

Multivariate analysis of change in skin reactivity to HDMs after 1 year of immunotherapy
----------------------------------------------------------------------------------------

For multivariate analysis of the factors affecting changes in the level of skin reactivity after 1 year of immunotherapy, multiple regression analysis was carried out for the parameters of age, initial skin reactivity level, and target allergens used for immunotherapy, factors that showed statistically significant differences in the univariate analysis. The modeling designed for the analysis was proven to be statistically significant, as its significance probability was lower than 0.05 by F-test. The corrected determination efficient *R^2^* at 0.508 demonstrated substantial explanation ability. Among the analyzed parameters, initial skin reactivity level showed the most significant influence (*p* \< 0.001), followed by the use of HDM-only versus multiple allergen therapies (*p* = 0.023). There was no significant difference between patients aged under or over 30 (*p* = 0.97) ([Table 4](#T4){ref-type="table"}).

ROC curve analysis of initial skin reactivity for the prediction of 50% reduction of skin reactivity to HDMs after 1 year of immunotherapy
------------------------------------------------------------------------------------------------------------------------------------------

ROC curve analysis was conducted on the initial skin reactivity level in order to predict a reduction of the level of skin reactivity to HDMs greater than 50% after 1 year of immunotherapy. The area under curve was 0.87 with statistical significance (*p* \< 0.001), and the optimal value was 2.14. At the levels of the optimal value, the sensitivity and specificity were 0.90 and 0.80, respectively ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

The majority of HDMs found in nature belong to 2 species, *Dermatophagoides farinae* and *Dermatophagoides pteronyssinus*, which show a high level of cross-reactivity \[[@B21][@B22]\]. In Korea, 40%--60% of patients with respiratory allergy and approximately 30% with atopic dermatitis are sensitized to HDMs. Children and teenagers sensitized to HDMs show a higher incidence of asthma and allergic rhinitis \[[@B23][@B24][@B25]\]. The HDM allergens account for a high proportion of the allergens used for immunotherapy in Korea, and can therefore be regarded as the most common allergens in the country \[[@B26]\].

Previous studies have suggested variation in the time for improvement of allergic symptoms in patients treated with immunotherapy. This period can be affected by a variety of factors, including the method of allergen injection, type and amount of vaccine, and severity of symptoms, but in most cases, the effect of immunotherapy usually begins around 7 to 8 months after starting subcutaneous therapy \[[@B7][@B8]\]. Most of the subjects in this study actually demonstrated improvement of symptoms, but they did not complete standardized checklists as surveys of subjective symptoms during immunotherapy. However, because objective immunoclinical variables, including the level of skin reactivity, demonstrated significant changes, the immunotherapy administered in this study can be considered effective.

The level of skin reactivity, allergen-specific IgE, IgG1, and IgG4 in the blood, and total serum IgE have been suggested as indicators of the immunological changes that occur during immunotherapy \[[@B1][@B2][@B3][@B10][@B19][@B20][@B26]\]. The skin reactivity and specific IgE levels reflect the extent of sensitivity of the patient to allergens, and specific IgG is known to act as a blocking antibody for IgE. The level of skin reactivity tends to remain constant for 6 months after beginning immunotherapy and decreases gradually after 1 year; however, there have been reports of decreased skin reactivity at earlier time points \[[@B20][@B26]\]. Immunotherapy with pollen as the target allergen has shown similar results \[[@B19][@B26]\]. Although the level of skin reactivity decreased in this study, the amount of specific IgE antibody against HDMs increased. This is consistent with many other previous reports; however, decreased IgE levels have also been reported, even within a year after the beginning of therapy \[[@B6][@B20][@B26][@B27][@B28][@B29]\]. The mechanism behind the decrease in skin reactivity earlier than the decrease in specific antibody level in the blood has not yet been identified, but it is probable that changes in the activation of allergy effectors that affect skin reactivity, including mast cells and basophils, are induced earlier than changes in antibody generation by plasma cells \[[@B10][@B20]\]

Increased levels of IgG1 and IgG4 are significantly correlated with the blocking of IgE antibodies and clinical improvement of airway hypersensitivity \[[@B2][@B8][@B26][@B30]\]. IgG1 and IgG4 concentrations are known to increase during early stages of immunotherapy, and can be used as markers for the evaluation of therapeutic efficacy, This study did not investigate specific IgG subtype levels in the subjects because there is currently no commercial test available.

The level of serum total IgE tended to increase 1 year after immunotherapy onset, consistent with previous reports \[[@B6][@B20][@B26]\]. Additional studies have focused on changes in the sIgE/total IgE ratio and report that high initial sIgE/total IgE ratio is associated with the prognosis of the efficacy of immunotherapy \[[@B31]\]. In this study, the sIgE/total IgE ratio for Dp showed a significant decrease from the level before therapy onset but the ratio for Df did not. However, in a previous study of immunotherapy for 3 years, the ratio for that increased the from initial level \[[@B32]\]. Further research is needed to determine that clinical meaning of such changes1 year after the beginning of immunotherapy \[[@B32]\].

Eosinophils are major effector cells for allergic diseases that, when activated, secrete chemical mediators such as eosinophilic cationic protein. The influx of eosinophils to the target organ is reduced during immunotherapy, potentially affecting the late-phase response to the allergen \[[@B1][@B8][@B10]\]. In addition, a change in eosinophilic chemical mediators at the target site is suggested to be an indicator of the efficacy of immunotherapy \[[@B2][@B30]\]. A change in eosinophils in peripheral blood 1 year after the beginning of immunotherapy is not consistently reported, but one Korean study demonstrated a significant decrease in blood eosinophils with subcutaneous immunotherapy \[[@B20]\], similar to the results of this study. There was no difference in the degree of skin reactivity according to whether blood eosinophil counts were within or outside of the normal range before the beginning of therapy.

In this study, we focused on changes in skin reactivity level as an indicator of the efficacy of immunotherapy because it is a convenient, fast, inexpensive test for immunoclinical changes. Importantly, skin reactivity level is considered a reliable indicator for the evaluation of immunotherapy efficacy, and most relevant studies have demonstrated decreases in skin reactivity after immunotherapy \[[@B8][@B19][@B20][@B29]\]. Additional studies have shown that a decreased skin reactivity level is associated with decreases in the number of skin mast cells and allergic symptoms \[[@B20][@B33][@B34]\]. Therefore, identifying the factors associated with skin reactivity may provide some predictive insights during the initial phase. For this study, initial skin reactivity level was the most significant factor affecting the absolute and ratio decrease in skin reactivity level after 1 year, suggesting that a higher initial skin reactivity level results in greater efficacy of immunotherapy.

Age group did not show a significant influence on changes in skin reactivity level in multivariate regression analysis, unlike in univariate analysis. This seems to be because the level of initial skin reactivity was higher for patients under 30 than for older patients. Despite some opinions that immunotherapy is more effective in younger patients, differences in the changes in skin reactivity level for different age groups have not been identified \[[@B35]\]. Therefore, additional large-scale studies are required to analyze the efficacy of immunotherapy indifferent age groups.

Patients who received HDM-only immunotherapy displayed a statistically significant decrease in skin reactivity level compared with patients who received immunotherapy against multiple antigens, indicating that the lower the number of target allergens, the better the efficacy of immunotherapy. To date, few studies have directly compared the efficacy of single- and multiallergen immunotherapy. However, it has been reported that immunotherapy with a single allergen is more effective than that with multiple allergens with regard to immunological changes, including decrease in skin reactivity level \[[@B16][@B17][@B18]\]. However, as there are some reports of the clinical efficacy of multiple-allergen immunotherapy, further research will have to be conducted \[[@B15][@B16][@B17][@B36]\].

There were some limitations to this study. First, the analysis was conducted only in patients who received immunotherapy; therefore, comparison against a control group was impossible. Second, in this retrospective study the patient medical records were insufficient for analysis of standardized information about changes in subjective symptoms perceived by patients. Third, the limited number of subjects did not allow more detailed subgroup analyses.

In summary, patients sensitized to HDMs who received immunotherapy showed a significant decrease in skin reactivity level to HDM allergens1 year after the beginning of therapy. Major factors that affected this change were the level of initial skin reactivity and the inclusion of only HDM allergens in the therapy. Further studies are needed to analyze changes in skin reactivity level and target site sensitivity to allergens after long-term immunotherapy on a larger scale.

![Changes of skin reactivity (A), serum specific IgE level (B), serum total IgE (C), serum specific IgE/total IgE (×100) (D), blood eosinophils (E), and medication score (mean number/day) (F) between baseline and after 1 year of therapy. HDM, house dust mites; Dp, *Dermatophagoides pteronyssinus*; Df, *Dermatophagoides farinae*.](apa-7-82-g001){#F1}

![Receiver operating characteristic curves of initial mean skin reactivity to house dust mites for more than 50% reduction of skin reactivity. The area under the curve was 0.87 (95% confidence interval, 0.776--0.965, *p* \< 0.001). With a cutoff value of 2.14, the sensitivity and specificity were 0.90 and 0.80, respectively.](apa-7-82-g002){#F2}

###### Baseline characteristics of subjects (n=80)

![](apa-7-82-i001)

Values are presented as number (%) unless otherwise indicated.

HDM, house dust mite.

###### Baseline immunoclinical characteristics of subjects
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HDM, house dust mites; Dp, *Dermatophagoides pteronyssinus*; Df, *Dermatophagoides farina*.

###### Skin reactivity changes for house dust mites after 1 year according to clinical parameters
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SEM, standard error of the mean; HDM, house dust mites.

###### Effects of immunoclinical factors on skin reactivity changes for house dust mites by multiple regression analysis

![](apa-7-82-i004)

Beta, estimated regression coefficient, SE,standard error; CI, confidence interval.

Adjusted *R*^2^ = 0.508.
